ceptible to the development of metastases from murine tumours than a normal mouse of the same strain. Skov et al. (1976) found fewer tumour colonies in the lungs of nude mice than in those of normal mice after injection of tumour cells from a syngeneic mouse. Fidler & co-workers, in experiments with B16-FlO melanoma cells, observed 12 times as many lung colonies in normal syngeneic mice as in nude and found some evidence that the lymphocytes of the immunocompetent host potentiated the metastatic process, an effect not seen in the nude mouse (Fidler, 1974; Fidler et al., 1977) . Sharkey & Fogh (1979) implanted 106 different human tumours into 1377 nude mice.
Tumour growth was observed locally in 1045 of the mice, but in only 14 instances, involving 11 different tumours, were Accepted 10 August 1982 metastases observed. Sharkey & Fogh concluded that xenografts derived from human metastases were no more likely to metastasize in nude mice than grafts derived from primary human cancers, and serial passage did not appear to select for a tumour line with greater tendency to metastasize. The only correlate of metastasis in the nude mouse that they could recognize was deep penetration of the body wall by the implanted tumour.
It is now widely accepted that human tumours rarely metastasize in nude mice and this may be a major disadvantage of this animal model for many types of tumour. However, there have been sporadic reports of human tumours which do metastasize in these animals (Giovanella et al., 1973; Hata et al., 1978; Ueyama et al., 1978; Takahashi et al., 1978) and recently Kyriazis et al. (1981) reported that they saw distant metastases with several human epithelial tumours but they did not mention the frequency of this event. Included in these tumours were one primary pancreatic adenocarcinoma (PaCa), and one established pancreatic cancer cell line, Capan 1. Since human pancreatic cancer is prone to metastasize, it is possible that this type of tumour has a greater inherent capacity for metastasis Supported by Grants CA 30035, 13943 and 20892 (Dexter et al., 1981 (Dexter et al., , 1982 . Animals were killed by cervical dislocation and necropsies performed on all animals. Tumours, local and distant lymph nodes, and other organs were fixed in 10% buffered formalin solution and processed by routine histological methods. Before removal, the lungs were inflated with buffered formalin.
Tissue blocks fixed and embedded in paraffin by standard methods were sectioned and stained by the immunoperoxidase method of Sternberger (1979) using a rabbit anti-CEA serum.
An RWP-1 xenograft in the 7th in vivo passage was excised aseptically, divided into 1mm3 fragments and implanted s.c. into the flanks of 12 healthy 5-week-old male nude mice. Each mouse received 2 implantations, one in each flank.
After 8 weeks, 6 animals were anaesthetized and their tumours resected surgically (Table, Group A). Four of these animals survived the surgery. Two months later there was some evidence of local recurrence of the tumour, the animals began to lose weight and became obviously ill. They were killed 2 months after surgery. At necropsy, 2 of the animals showed marked enlargement of their axillary and inguinal lymph nodes and nodes along the internal iliac vessel and root of the mesentery. In all instances the enlargement was found to be due to a tumour which histologically resembled the original xenograft (Figs 1 &  2) . Pulmonary metastases were not visible macroscopically in these animals, but histological examination revealed large .. clumps of tumour cells in the blood vessels, lymphatics and parenchyma of the lungs of 2 mice (Table, Group A; Fig. 3) .
The 6 animals whose tumours were not excised steadily became more ill as the tumours grew in size. One of the animals died 5 weeks after tumour implantation: at necropsy no microscopic or macroscopic metastases were detected.
The remaining 5 animals (Table, Group B) were killed 3 months later. Three of these 5 animals had visible foci of tumour in the lungs (Fig. 3) . Malignant involvement of the mesenteric lymph nodes was also visible in one of these 3 mice (Table, Group B; Fig. 2 ). The presence of RWP-1 cells in the host tissue was confirmed by immunoperoxidase staining using rabbit anti-CEA antibody (Fig. 4) .
Subcutaneous implantation of the human pancreatic cancer cell-line RWP-1 thus produced distant metastases in the lungs and lymph nodes in a high proportion of athymic nude mice. In animals surviving 90 days, the frequency of metastasis was high (66%). Three mice had pulmonary metastases without macroscopic or microscopic deposits in the lymph nodes. Lymph-node involvement was not, therefore, a prerequisite to the development of pulmonary metastases and it is possible that this tumour can invade the vascular system directly as well as enter lymphatic channels.
It is not certain if the actual process of surgical resection of the primary tumour aids or induces the spread of RWP-1 as has been suggested previously for other tumours (Ketcham & Sugarbaker, 1977; Ueyama et al., 1978; Tseng et al., 1980) , or if resection of the primary lesion simply allows the mice to survive long enough for the metastases to become apparent. Further studies of mice with and without resections and of sham-operated animals should elucidate this. Some metastases of tumours in nude mice appear to have been merely direct extensions of the primary lesion. Other metastases have been produced by i.v. or i.p. injection of tumour cells (Kyriazis et al., 1978; Takahashi et al., 1978; Hanna & Fidler, 1981) . While these latter studies indicate that the tumour cells have the capacity to grow in distant organs, they do not replicate the entire process of natural metastasis, since this requires invasion of the lymphatic or vascular systems by the primary tumour. Attempts have been made to induce metastasis in nude mice by reducing their cellular responses with Xirradiation and cytosine arabinoside (Rostom etal., 1978; Steel et al., 1978) , injection of human T lymphocytes (Graham et al., 1978) or 17-f3-oestradiol (Shafie & Liotta, 1980) and by the use of very young animals (Hanna, 1980; Hanna & Fidler, 1981) .
At present, there are 5 reports of spontaneous metastases of tumours implanted s.c. in nude mice. Two of these concern allogeneic cell lines, one a chemically induced DBA/2 lymphoma (Bosslet & Schirrmacher, 1982) and the other a methylcholanthrene-induced sarcoma also of DBA/2 mouse origin (Wiltrout et at., 1979) . The remaining 3 reports (Hata et al., 1978; Sharkey & Fogh, 1979; Kyriazis et al., 1981) describe occasional metastases from s.c. xenografts of human neuroblastoma, carcinomata of the breast, stomach, lung, urinary bladder and kidney. Kyriazis et al. (1981) reported that 2 human pancreatic carcinomata metastasized in nude mice but the frequency of this occurrence was not reported. At present, RWP-1 appears to be the first reported pancreatic tumour that shows a high frequency of spontaneous metastasis.
It is to be hoped that RWP-1 will prove useful in the experimental study of spontaneous metastasis in the nude mouse without the need for chemical or radiological manipulation of the animal.
